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Pasture  Fertilization  Experiments 

at 

Reymann  Memorial  Farm 

by  F.  W.  Schailer,  G.  G.  Pohlman,  H.  O.  Henderson,  and  R.  A.  Ackermun 

Because  OF  THE  ROUGH  topography  of  much  of  the  land  in  the 
state,  a  large  acreage  of  farm  land  must  be  devoted  to  pasture  if  it  is 
to  be  utilized  for  agriculture  without  causing  excessive  erosion.  Since 
pastures  furnish  the  cheapest  livestock  feed  produced  on  the  farm,  the 
improvement  of  pastures  and  the  maintenance  of  their  fertility  and 
(jurying  capacity  are  vital  to  West  Virginia  agriculture. 

Numerous  trials  have  demonstrated  the  value  of  lime  and  super- 
phosphate as  a  means  of  establishing  and  maintaining  productive  pas- 
tures in  West  Virginia  (8).*  Most  of  these  trials  have  been  conducted 
in  small  plots  which  have  been  clipped  with  a  lawnmower  because  of  the 
high  cost  of  extensive  grazing  tests. 

The  investigation  from  which  this  report  is  taken  was  carried  out 
with  grazing  dairy  animals  and  was  designed  to  determine  the  effect  of 
fertilizer  treatments  on  the  yield  of  pastures  as  measured  by  the  animal 
units  carried. 

This  study  was  carried  on  at  the  Reymann  Memorial  Farm  at  Warcl- 
ensville,  West  Virginia,  during  the  years  1931  to  1941,  inclusive. 

EXPERIMENTAL  PASTURES 

DESCRIPTION   OF  AREA 

The  diagram  of  1he  experimental  area  given  in  Figure  1  shows  the 
general  lay-out  and  fertilizer  treatment.  The  area,  consisting  of  39 
acres,  was  rectangular  in  shape.  This  was  divided  into  eight  long  narrow 
plots  or  pastures,  and  each  pasture  extended  across  the  area  in  an  east- 
west  direction.  The  treatments  included  (1)  check  or  untreated,  (2) 
lime  and  superphosphate,  (3)  lime,  superphosphate,  and  potash,  and 
(4)  lime,  superphosphate,  potash,  and  nitrogen.  All  treatments  were  in 
duplicate.  In  order  to  compensate  partially  for  differences  in  carrying 
capacity,  the  check  or  untreated  pastures  consisted  of  six  acres  each,  as 
compared  with  41/.  acres  for  the  treated  pastures. 

The  land  surface  was  level  to  gently  rolling.  The  soil  type  was 
principally  Monongahela  fine  sandy  loam,  which  is  a  strongly  leached 
terrace  soil  derived  from  non-calcareous  sandstone  and  shale  sediments. 
Though  naturally  low  in  productivity,  it  is  known  to  produce  good  crops 
if  limed,  fertilized,  and  properly  managed.  The  surface  layer  was  ap- 
proximately 8  inches  deep  with  a  subsoil  (R  horizon)  varying  in  depth 
from  2  to  4  feet.     Chemical  analysis  of  the  surface  :l    inches,  before 


*  Figures  in  parenthesis  refer  to  "Literature  Cited."  p.  24. 


treatment,  showed  an  average  pH  value  of  about  5.0  and  an  available 

phosphorus  content  of  12  pounds  per  acre  as  determined  by  the  Truog 

method  (10). 

PREVIOUS    LAND    USE 

The  west  half  of  the  area  had  been  in  permanent  pasture  before 
1931,  whereas  the  east  half  had  been  in  various  cultivated  crops.  So  far 
as  is  known,  no  lime  or  fertilizer  had  been  applied  before  the  experiment 
other  than  some  barnyard  manure  in  the  cropped  section.  Some  differ- 
ence in  fertility  between  the  two  sections  was  evident  throughout  the 
experiment. 


N 


HICH  WAY- 
FIGURE    1 — Experimental    Grazing    Plots    at    Wardensville,    West    Virginia 

TREATMENTS 

L  =  Ground     limestone     sufficient     to  N  =  1931    to    1936,    200    lbs.    per    acre 

bring  soil  to  pH  6.5.  of   nitrate   of   soda   in   two    equal 

P  =  500    lbs.    per   acre    of    20    percent  applications,,    one    in    early   April 

superphosphate  in  1931  and  1933.  and  the  other  about  July  1,  1936, 

K  =  100    lbs.    per   acre   of    muriate    of  to  1941,  100  lbs.  per  acre  of  nitrate 

potash  in  1931  and  1933.  cf  soda  applied   in  early  April. 


PASTURE  TREATMENT 

SEEDING 

Early  in  April  1931  the  area  was  plowed  and  prepared  for  seeding. 
The  land  was  double-disked  twice  and  harrowed  sufficiently  lo  give  a 
smooth,  compact  seedbed.  All  seedings  were  made  before  the  plots  were 
fenced  into  their  respective  pastures  in  order  that  uniform  seeding  tnighl 
be  secured.  The  seed  was  sown  broadcast,  one-half  lengthwise  and  one- 
half  crosswise  of  the  field  to  insure  uniform  distribution,  and  covered 
with  a  spike-toothed  harrow. 

A  very  simple  seed  mixture  was  used;  although  not  recommended 
for  ordinary  farm  practices,  for  experimental  purposes  it  seemed  advis- 
able, since  it  is  the  type  of  vegetation  which  ultimately  persists  in  most 
improved  West  Virginia  permanent  pastures.  The  mixture  consisted 
cf  Kentucky  bluegrass,  redtop,  and  white  clover.  Oats  were  used  as  a 
companion  crop.  These  were  harvested  for  hay  in  June.  Weeds  were 
cut  later  in  the  season.     The  pastures  were  not  grazed  in  1931. 

LIME    AND    FERTILIZER    USED 

The  initial  application  of  lime  and  fertilizer  was  applied  with  a  drill 
in.  April  1931  just  after  plowing  and  was  worked  into  the  soil  before 
seeding.  Limestone  was  applied  in  an  amount  calculated  to  bring  the 
surface  3  inches  of  soil  to  a  pH  of  6.5.  The  actual  amount  applied  was 
2  950  pounds  per  acre  of  pulverized  lirreitone  with  a  calcium  carbonate 
equivalent  of  80  percent,  The  phosphate  treatment  consisted  of  500 
pounds  per  ac  e  of  20  percent  superphosphate,  and  the  potash  treatment 
wan  100  pounds  per  acre  of  muriate  of  potash.  A  subsequent  application 
of  500  pounds  of  20  percent  superphosphate  and  100  pounds  cf  muriate 
of  potash  was  broadcast  on  the  surface  in  April  1933. 

During  the  period  1931  to  1930,  inclusive,  the  nitrogen  treatment 
consisted  cf  200  pounds  per  acre  of  sodium  nitrate  applied  every  yea]1  in 
two  equal  applications,  one  in  early  April  and  ore  about  the  first  of  Julv. 
From  1937  to  1941.  inclusive,  the  nitrogen  application  was  -'educed  to  100 
pounds  per  acre  of  sodium  nitrate  applied  in  April.  All  applications 
were  made  with  a  fertilize]-  drill. 

METHODS  OF  MEASURING  RESULTS 

ANIMALS  USED 

During  the  1932  seascn  the  pastures  were  grazed  with  milking 
Ayrshire  cows.  From  1933  to  1941.  inclusive.  Ayrshire  heifers  were  used 
because  the  producing  cows  acldeci  many  additional  variables  to  the  ex- 
periment and  complicated  the  supervision  and  handling  of  the  work. 
In  general  the  method  of  grazing  and  management  of  the  pastures  was 
essentially  the  same  for  the  two  types  of  animals.  However,  since  milk- 
ing cows  were  used  during  cue  year  only,  the  discussion  will  be  confined 
chiefly  to  the  use  of  the  dairy  heifers. 


The  heifers  used  were  mostly  yearlings  and  received  no  supplomcn- 
tary  feed.  They  were  taken  off  barn  feeding  in  early  April  and  turned 
into  an  auxiliary  pasture  for  two  weeks  before  being  put  on  the  experi- 
mental plots.  This  gave  them  anipie  time  to  become  adjusted  to  pasture 
feeding.  The  auxiliary  pasture  was  similar  in  character  to  the  untreated 
pastures  and  was  used  also  to  maintain  additional  animals  for  possible 
use  during  t!:c  season.  An  effort  was  made  to  have  the  groups  of  cattle 
on  the  eight  different  pastures  as  nearly  comparable  as  possible  in  regard 
to  age,  live  weight,  and  stage  of  gestation.  Ordinarily  there  were  three 
to  seven  animals  on  the  better  pastures  and  two  to  four  on  the  poorer  ones 

Grazing  stalled  in  the  spring  as  soon  as  the  grasses  reached  a  height 
of  approximately  3  inches  and  usually  continued  until  about  November 
1.  Animals  were  put  en  or  taken  off  the  different  pastures  in  such  num- 
bers as  to  insure  uniform  grazing.  An  attempt  was  made  to  graze  to  the 
extent  that  but  little  grass  would  be  wasted  or  grow  tall  enough  to  shade 
white  clover.  However,  clumps  of  uneaten  grass  could  not  be  avoided 
in  any  of  the  pastures.  It  was  usually  necessary  to  mow  the  pastures 
during  the  summer  to  remove  the  clumps  and  tall  weeds.  The  cattle  were 
on  the  pa  sture  continuously  except  when  taken  off  to  be  weighed.  Water 
and  salt  were  available  on  each  pasture  at  all  times. 

Dur'ng  the  19C2  season  when  the  pastures  were  grazed  with  Ayr- 
shire ecw ;.  the  yield  cf  total  digestible  nutrients  supplied  by  the  pastures 
was  calculated  by  allowing  for  maintenance,  changes  in  body  weight, 
amount  cf  mill:  and  butterfat  produced,  and  the  nutrients  supplied  by 
supplementary  feed.  The  total  digestible  nutrients  required  for  main- 
enanee  anj  tor  milk  and  butterfat  production  were  calculated  from  data 
given  by  Morrison  (6),  Allowance  for  changes  in  body  weight  was  made 
in  accordance  with  the  recommendations  of  Knott,  Hodgson,  and  Elling- 
ton  (5). 

The  yield  of  total  digestible  nutrients  from  grazing  with  dairy 
heifers  war.  calculated  from  the  data  of  Ecklcs  and  Gullickson  (3)  for 
the  nutrient  requirements  of  Holstein  heifers  for  maintenance.  The 
nutrients  required  for  gains  in  weight- were  calculated  from  an  adapta- 
tion of  these  data  by  Enlow  (9). 

The  weights  of  the  cattle  were  based  on  the  average  of  weighings 
made  on  two  consecutive  days.  Ali  cattle  were  weighed  before  being 
put  on  pasture  and  at  approximately  monthly  intervals  thereafter.  Ad- 
ditional "Weighings  were  made  when  cattle  were  added  to  or  removed  from 
a  pasture  between  regular  weighing  dates. 

BOTANICAL  COMPOSITION 

In  order  to  have  a  record  of  the  kinds  and  relative  amounts  of  the 
various  plants  making  up  the  pasture  sod,  botanical  estimates  were  made 
on  nine  caged  areas  (4  by  4  ft.)  located  at  random  in  each  pasture. 
They  were  made  twice  each  year,  usually  during  June  and  September. 
The  percentage  of  the  total  area  occupied  by  weeds,  native  grasses, 
white  clover,  Kentucky  bluegrass,  and  recltop  as  well  as  the  percentage 
of  bare  space  was  recorded. 


CHEMICAL    ANALYSIS    OF     HERBAGE 

Ca^ed  areas  were  clipped  with  a  lawn  mower  at  a  height  of  ap- 
proximately l\s  inches.  Clippings  were  made  on  the  same  dates  on 
which  the  cattle  weights  were  taken.  The  clipped  herbage  was  dried. 
weighed,  ground,  and  analyzed  for  protein,  calcium,  phosphorus,  and 
potassium. 

Protein  and  calcium  analyses  were  made  according  to  the  method 
of  the  Association  of  Official  Agricultural  Chemists  (J).  Phosphorus 
was  determined  by  the  method  of  Piske  and  Subbarow  (■■/)  and  potassium 
by  the  method  of  Brown.  Robinson,  and  Browning  (2). 

SOIL    ANALYSES 

Soil  samples  were  taken  with  a  soil  tube  and  cut  into  lengths  repre- 
senting the  depths  0-iy2.  l^-S,  and  3-5  inches.  pH  values  were  de- 
termined with  the  glass  electrode,  using  a  soil  ratio  of  1 :2y2.  Available 
phosphate  analyses  were  made  according  to  the  method  of  Truog  (10). 
For  the  analysis  of  potassium  the  soil  was  leached  with  ammonium 
acetate  and  the  potassium  determined  by  the  method  of  Brown.  Robin- 
son, and  Browning  (.2).    Results  are  given  only  for  the  0-1^-inch  layer. 

CLIMATIC  CONDITIONS 

In  this  section  of  West  Virginia  the  quantity  and  distribution  of 
rainfall  has  a  pronounced  effect  on  crop  yields  and  especially  on  pastures. 
The  Weather  Bureau  normal  or  average  annual  rainfall  is  30.36  inches. 
This  average  is  relatively  low  as  compared  to  most  parts  of  West  Vir- 
ginia.   Moisture  frequently  becomes  a  limiting  factor  in  production. 

Table  1  shows  the  monthly  precipitation  for  the  period  1931  to  1941. 
inclusive,  in  comparison  with  the  normal  or  average  rainfall.  This, 
however,  does  not  tell  the  whole  story.    Further  explanation  is  necessary. 

In  1931  the  rainfall,  otherwise  .normal  for  the  year,  Avas  2.86  inches 
above  normal  during  the  growing  season,  April  through  October.  The 
greater  part  of  this  excess  came  during  July  and  August,  when  it  is 
generally  most  needed.  The  pastures  were  seeded  in  the  spring  of  that 
year.  With  the  favorable  amount  and  distribution  of  rainfall,  a  good 
stand  was  obtained. 

The  seasons  1933.  1935,  1939,  and  1940  had  above-average  rainfall 
which  was  well  distributed  throughout  the  season,  and  the  pasture  gave 
good  yields.  In  each  of  the  other  seasons,  dry  periods  affected  total  and 
seasonal  production.  In  1932  the  dry  period  in  July.  August,  and  Sep- 
tember reduced  growth  to  such  an  extent  that  the  heifers  had' to  be  re- 
moved early  in  August.  Dry  weather  during  the  early  part  of  the 
pasture  season  reduced  yields  in  1934.  The  season  of  1936  was  dry 
during  most  of  the  pasture  season,  with  the  results  that  no  grazing  was 
obtained  after  July  1.  An  early  dry  spell  in  1937  reduced  growth  of 
pasture  grasses  to  such  an  extent  that  the  animals  were  removed  August 
3.  However,  heavy  rains  in  August  caused  growth  to  start.  The  animals 
were  returned  on  September  1,  arid  sood  grazing  was  obtained  until  late 
October.     Dry  weather  in  April  and  .June  of  1938  reduced  growth,  and 
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there  was  little  grazing  in  July.  Early  grazing  was  Light  in  1941  be- 
cause of  low  rainfall  in  April  and  May,  but  the  remainder  of  I  he  season 
war.  quite   favorable. 

In  general,  temperature  was  normal  except  fo: 
slightly  above  average  during  periods  of  dry  weather. 
1934,  and  1936. 

EXPERIMENTAL  RESULTS 

EFFECT   OF    TREATMENT    ON    SOILS 

Soil  samples  were  taken  during  the  course  of  the  experiment  to 
study  the  effect  of  treatment  on  soil  properties  commonly  affecting  vege- 
tation in  pastures.  The  analyses  of  samples  taken  at  the  clore  of  the 
experiment  are  given  in  Table  2. 

Table  2 — Effect  of  Treatment  on  Soils  (1942)'"' 


Available 

E 

ych 

nn^reable 

OrT  im'c 

Plot  no. 

Treatment 

Pll 

phosnhornst 

"otish t 

nsatter 

{%.crccnt) 

0 

Check 

5.18 

17 

S2 

2.11 

6 

Check 

5.42 

22 

71 

2.32 

1 

PL, 

5.75 

47 

114 

2.42 

0 

PL 

5.70 

62 

59 

2.73 

3 

P  KL 

5.53 

27 

93 

2.53 

1 

P  KL 

5.S6 

40 

S4 

2.41 

4 

NPKL 

5.93 

35 

65 

2.98 

8 

N  P  K  L 

6.15 

52 

72 

2.37 

♦Results  are  for  the  0-1%  inch  layer. 

fExpressed  as  lbs.  per  2,000,000  lbs.  surface  soil.       t 

Although  the  soil  analyses  indicate  considerable  variation  between 
duplicate  plots,  certain  facts  are  evident.  LThe  lime  applied  shows  an 
appreciable  effect  on  the  soil  reaction  expressed  as  pH  in  all  the  treated 
pastures,  even  though  the  samples  were  taken  11  years  after  liming.  In 
all  cases  the  pH  values  are  lower  than  the  value  originally  sought 
(pH  6.5).  /It  is  probable  that  there  would  be  response  to  additional  ap- 
plications"~Df  lime.  Likewise,  the  available  phosphate  content  is  higher 
in  all  the  treated  pastures.,  showing  that  there  still  remains  a  consider- 
able residual  effect  on  the  supply  of  phosphorus  even  after  9  years. 

The  exchangeable  potash  values  give  a  measure  of  the  available 
potash  in  the  soil.  Although  there  is  considerable  variation  in  the  area, 
all  plots  are  relatively  low.  The  extremes  are  represented  by  the  two 
plots  receiving  lime  and  superphosphate,  plot  1  being  the  highest  and 
plot  5  the  lowest  of  any  of  the  plots.  It  would  appear  that  the  relaiiveiy 
high  value  for  plot  1  may  account  for  the  good  yields  en  this  plot,  whereas 
the  low  value  for  plot  5  may  be  responsible  for  the  low  response  to  lime 
and.  phosphate  in  this  area. 

The  effect  of  treatment  on  the  organic  matter  supply  is  also  given 
in  Table  2.  These  data  show  that  liming  and  fertilizing  has  increased  the 
organic  matter  in  the  surface  layer.  The  effect  was  probably  due  to  the 
change  in  type  and  amount  of  vegetation  rather  than  to  a  direel   effect 


of  treatment.  Regardless  of  the  cause,  the  increased  supply  of  organic 
matter  would  improve  the  physical  and  chemical  condition  of  the  soil 
and,  as  a  result,  would  make  the  soil  a  more  favorable  medium  for  plant 
growth. 

The  variation  in  the  soil  as  shown  by  these  analyses  must  be  kept  in 
mind  in  evaluating  the  effectiveness  of  the  various  treatments. 

EFFECT   OF    LIME    AND    FERTILIZER    ON    BOTANICAL    COMPOSITION 

It  has  been  recognized  that  under  West  Virginia  conditions  the 
carrying  capacity  or  the  number  of  acres  required  to  pasture  an  animal 
unit  is  determined  largely  by  the  percentage  of  desirable  species  in  the 
pasture  (7)  (8).  If  the  soil  is  fertile  and  the  pasture  has  been  well 
managed,  Kentucky  bluegrass  and  white  clover  are  usually  the  dominant 
species.  Other  desirable  plants  such  as  redtop,  orchard  grass,  hop  clover, 
and  common  lespedeza  are  also  frequently  present.  If  the  soils  are  acid 
and  of  low  fertility,  poverty  grass,  broomsedge,  and  weeds  usually  pre- 
dominate. Pastures  consisting  mostly  of  desirable  plant  species  produce 
not  only  higher  yields  but  also  herbage  which  is  more  nutritious  and 
palatable.  For  these  reasons  the  value  of  lime  and  fertilizer  on  perman- 
ent pasture  will  be  determined  to  a  great  extent  by  the  effect  it  has  upon 
the  kind  of  plants  present  in  the  pasture. 

Since  the  area  in  this  experiment  was  plowed  and  seeded  with  Ken- 
tucky bluegrass,  redtop,  and  white  clover,  these  were  the  only  desirable 
species  present  in  the  pastures.  The  weeds  consisted  chiefly  of  buckhorn 
plantain,  j^arrow,  oxeye  daisy,  and  field  sorrel.  The  native  grasses  were 
mainly  broomsedge  with  lesser  amounts  of  crabgrass,  Panicum,  Paspalum, 
Aristida,  and  foxtail. 

Kentucky    Bluegrass   and    Redtop 

In  1932  and  1933  a  combined  estimate  of  Kentucky  bluegrass  and 
redtop  was  made.  From  1931  to  1911,  separate  estimates  of  each  species 
were  made  in  the- early  summer  of  each  year.  These  data  are  given  in 
Figure  2  and  Table  3. 

It  is  evident  from  Figure  2  that  a  good  stand  of  grass  was  obtained 
on  all  pastures  regardless  of  treatment.     As  previously  mentioned,  the 

Table   3 — Average  Estimated  Botanical   Composition   of  Each   Pasture   During   the 
Period  1932 'fo  1941 
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are 

1ci32- 

■1941 
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19  34 

-1941t 

Kentucky 

Plot 

Treatment* 

Bare 

Weeds 

Native 

White 

bluegrass 

K 

entucky 

Redtop 

no. 

space 

grasses 

clover 

& 

redtop 

bl 

uearrass 

2 

Check 

39 

12    . 

18 

2 

29 

6 

15 

6 

Check 

38 

8 

9 

5 

40 

29 

9 

1 

P-L 

19 

8 

4 

9 

60 

57 

5 

5 

P-L 

30 

6 

3 

4 

57 

47 

9 

3 

P-K-L 

14 

7 

2 

13 

65 

60 

5 

7 

P-K-L 

20 

6 

2 

11 

61 

57 

5 

4 

N-P-K- 

-L 

14 

6 

9 

8 

70 

65 

5 

8 

N-P-K- 

-L 

1  T 

2 

10 

66 

64 

5 

*See  Figure  1  for  explanat  on  of  treatment. 

(Individual    estimates   of   Kentucky   bluesrass    and    redtop    were    not    made    in 
1932  and  1933. 
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1932  1933  1934  1935  1936  1937  1936  1939  1940        1941 

FIGURE   2 — The    Effect   of   Lime    and    Fertilizer   on   the   Annual    Percsntage    of 

Kentucky  Bluegrass 

Each  value  represents  the  average  of  two  pastures.     (See  Pig.  1  for  explanation 

of  treatments.)     The  values  for  1932  and  1933  include  redtop. 

year  of  seeding  (1931)  was  an  excellent  growing  season,  and  by  the 
spring  of  1932  the  stand  of  bluegrass  and  redtop  varied  only  from  44 
percent  on  the  check  pastures  to  49  percent  on  the  pastures  receiving 
lime  and  phosphate.  Observations  revealed  that  the  stand  was  dominant  - 
ly  redtop  but  contained  many  small  plants  of  Kentucky  bluegrass.  The 
amounts  of  bluegrass  and  redtop  increased  in  1933,  but  estimates  made 
in  1934  indicated  that  by  the  end  of  the  second  season  most  of  the  Ken- 
tucky bluegrass  had  succumbed  to  the  high  acidity  and  low  fertility  of 
the  soils  on  the  untreated  pastures.  Redtop  was  somewhat  more  resist- 
ant to  these  conditions  but  it,  too,  largely  disappeared  by  end  of  the  third 
season.  On  the  treated  pasture  Kentucky  bluegrass  soon  became  the 
dominant  species.  Redtop  was  not  able  to  compete  with  the  vigorous 
growth  of  the  bluegrass  and  was  gradually  crowded  out  during  the  next 
three  years  until  only  a  trace  remained. 

The  growing  season  of  1934  was  deficient  in  rainfall,  and  the  stand 
of  grasses  declined,  with  the  result  that  the  estimates  of  1935  showed  the 
poorest  cover  during  the  entire  period  of  the  experiment.  The  rainfall 
during  the  season  of  1935  was  above  normal,  and  the  Kentucky  bluegrass 
came  back  rapidly  on  all  the  treated  pastures.  The  stands  continued  to 
increase  during  1936  but  showed  little  change  during  the  next  three 
years  (1937  to  1939).  The  1940  and  1941  estimates  show  considerable 
reduction  in  the  stand.  Although  there  probably  was  a  tendency  for 
the  Kentucky  bluegrass  to  decrease  in  the  latter  years,  since  no  fertilizer 
was  applied  after  1933.  a  part  of  the  difference  is  believed  to  be  due  to 
the  time  when  the  estimates  were  made.  In  1939,  as  well  as  in  the 
earlier  years,  the  estimates  were  made  in  June,  when  Kentucky  bluegrass 
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is  most  vigorous,  whereas  in  1940  and  L941  these  estimates  were  made 
abonl  mid-July,  when  Kentucky  biuegrass  appears  less  thrifty  because 
i  E  high  temperatures  and  insufficienl  moisture. 

The  stand  of  Kentucky  biuegrass  on  the  untreated  pastures,  after 
reaching  its  lowest  value  in  1935  and  1936.  continued  to  remain  low 
during  the  remainder  of  the  experiment.  Broomsedge  and  weeds  became 
th<  dominant  species  of  these  pastures. 

The  data  presented  in  Figure  2  show  that  the  use  of  lime  and  super- 
phosphate was  essentia]  in  maintaining  a  satisfactory  stand  of  Kentucky 
biuegrass.  It  also  appeals  that  potash  effected  a  further  increase  in  the 
stand.  However,  a  study  cf  Table  3  indicates  that  part  of  this  difference 
was  due  to  plot  variation.  The  average  stand  of  Kentucky  biuegrass  on 
the  two  pastures  receiving  lime  and  superphosphate  was  57  and  47  per- 
cent, respectively,  whereas  on  the  two  pastures  which  received  potash  in 
addition,  the  stand  was  60  and  57  percent. 

Nitrogen,  in  addition  to  lime,  superphosphate,  and  potash,  has  caused 
a  slight  increase  in  the  stand  of  Kentucky  biuegrass.  Table  3  shows 
that  the  average  stand  of  Kentucky  biuegrass  from  1934  to  1941  on  the 
two  N-P-K-L  pastures  was  65  and  64  percent  as  compared  with  60  and 
57  percent  on  the  P-K-L  pastures. 

White    Clover 

The  average  annual  percentages  of  white  clover  are  plotted  in  Figure 
3.  The  season  of  1931  w?s  favorable  to  the  establishment  of  white  clover. 
rnd  by  the  spring  of  1932  the  percentage  stands  averaged  25.  20.  44.  and 
-'5  percent,  respectively,  for  the  cheek,  P-L,  P-K-L,  and  N-P-K-L  treat- 
ments.    From  this  it  is  indicated  that  the  original  content  of  bases  and 
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FIGURE    3 — The    Effect   of    Lime    and    Fertilizer    on    the    Annual    Percentage    of 

White    Clover 

Each  value  represents  tr-e  average  of   two   pastures.      (See   Fig.   1   for 

explanation  of  treatments.) 


available  phosphate  was  sufficienl  to  establish  a  fair  stand  of  while  clover, 
and  little  response  resulted  from  applications  of  lime  and  superphosphate. 
Potash,  in  addition  to  lime  and  superphosphate,  markedly  increased  the 
clover  stand,  bu1  the  use  of  nitrogen  had  no  effect. 

There  was  Little  rairi  during  July,  August,  and  September  L932. 
The  white  clover  almost  completely  disappeared  as  shown  by  estimates 
made  in  the  spring  of  1033. 

The  second  application  of  superphosphate  and  potash  made  in  the 
spring  of  1933  brought  about  an  increase  in  the  white  clover  during  the 
three  following  seasons,  1933  to  1935.  The  response  to  potash  during 
this  period  was  especially  marked.  Nitrogen  depressed  the  white  clover 
in  these  years,, and  (he  stand  on  the  N-P-K-L  pasture:;  v/as  about  the 
same  as  that  on  the  P-L  pastures. 

The  season  of  1935  was  very  favorable  for  pasture  growth,  and  Ken- 
tucky bluegrass  increased  very  rapidly.  This  tended  to  crowd  out  the 
white  clover  and  probably  was  responsible  for  its  decline  in  that  year. 
In  1936,  dry  weather  and  the  continued  increase  in  Kentucky  bluegrass 
caused  the  white  clover  to  disappear  almost  completely.  It  did  not  re- 
appear until  1939,  when  rainfall  was  again  favorable.  By  the  spring  of 
1940  the  stands  of  white  clover  averaged  1,  11,  11,  and  8  percent,  re- 
spectively, on  the  check,  P-L,  P-K-L,  and  N-P-K-L  pastures.  It  ap- 
pear.';, that  nitrogfen  may  have  slightly  decreased  the  stand,  even  though 
only  100  pounds  per  acre  per  year  had  been  used  insce  1937. 

The  estimates  in  1911  show  that  white  clover  was  again  declining. 
Inasmuch  as  no  mineral  fertilizers  had  been  applied  since  1933,  it  is 
believed  that  additional  applications  would  have  been  necessary  to 
maintain  the  white  clover. 

The  effect  of  lime  and  fertilizer  on  the  amount  of  white  clover  ic; 
also  evident  in  the  average  percentages  for  the  10-year  period  of  1932 
to  1941,  which  are  given  in  Table  3. 

EFFECT  OF  LIME  AND   FERTILIZER  ON   COMPOSITION   OF   HERBAGE 

Chemical  analyses  of  the  pasture  herbage  during  all  years  of  the 
experiment  are  not  available.  However,  these  which  are  available  are 
believed  to  be  quite  indicative  of  the  effect  of  lime  and  fertilizer  on  the 
quality  of  forage  which  v/as  produced. 

The  crude  protein  content  of  the  forage  produced  during  the  years 
1932  to  1936,  as  reported  in  a  previous  publication  (.9).  showed  from 
12  6  to  15.5  percent  protein  on  the  untreated  pastures,  with  an  average 
of  13.7  percent.  On  the  treated  pastures  the  range  was  from  14.3  to 
201  percent,  with  an  average  of  17.4  percent.  The  protein  content  was 
relatively  high  during  these  years  because  of  the  prevalence  of  white 
clover  (Figure  3.) 

The  percentage  of  crude  protein  in  the  forage  during  the  years  1937 
to  1941  is  given  in  Table  4.  The  relatively  high  values  obtained  in  1937 
undoubtedly  are  due  largely  to  a  carry-over  of  the  nitrogen  fixed  by  the 
white  clover  in  the  preceding  years.  Since  there  was  almost  no  clover 
from  1937  to  the  spring  of  1939,  the  protein  content  of  the  forage  was 
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Table   I-    Crude-protein  Content  of  Air-dry  Werbagt    (1937  to  L941) 


Plot 

Treatment* 

Percent; 

ige   of 

protein 

no. 

1937 

1938 

1939 

1940 

1941 

Av. 

2 
6 

Check 

12.6 
13.9 

8.5 
9.1 

S.6 
9.3 

9.2 

10.7 

9.6 
11.4 

9.7 
10.9 

1 
5 

I'-I. 

14.5 
14.4 

10.1 

10.0 

13.fi 
1  L.O 

15.0 

14.4 

15.1 

13.2 

13.7 
12.6 

3 

7 

P-K-L 

15.6 

14.6 

10.  1 
10.9 

12.7 
13.5 

15.6 

15.1 

14.1 
14.2 

13.7 

13.7 

4 

S 

N-P-K-L' 

16.0 

15.2 

12.7 
11.7 

13.9 
14.fi 

14.1 
15.0 

14.9 
15.1 

14.3 
14.3 

*See  Figure  1  for  explanation  of  treatments. 

low  during  1938  and  1939.  With  a  rise  in  the  percentage  of  clover  which 
began  during  the  last  part  of  1939  and  continued  through  1940  and 
1941,  the  protein  content  was  markedly  increased  in  the  last  two  yen  is 
of  the  experiment. 

The  high  percentage  of  weedy  and  poor  native  grasses  in  the  forage 
from  the  untreated  pastures,  in  addition  to  the  low  content  of  white 
clover,  undoubtedly  accounts  for  the  low  average  yields  of  protein  on 
these  pastures.  Nitrogen,  in  addition  to  mineral  fertilizers,  did  not  ma- 
terially increase  the  protein  in  the  years  when  clover  was  present.  How- 
ever, when  clover  was  absent,  the  use  of  nitrogen  helped  to  maintain  the 
protein  content :  as  a  result  the  average  annual  yields  of  protein  were 
somewhat  higher  on  the  N-P-K-L  pastures. 

The  average  phosphorus,  calcium,  and  potassium  content  of  the  air- 
dry  herbage  for  the  two  years  1910  and  1941  are  given  in  Table  5.  From 
these  data  it  is  evident  that  the  forage  from  the  limed  and  fertilized 
pastures  was  still  much  higher  in  calcium,  phosphorus,  and  potassium 
than  that  from  the  untreated  pastures,  even  though  7  years  had  elapsed 
since  the  last  application  of  mineral  fertilizer.  On  the  untreated  pas- 
tures the  forage  contained  an  average  of  0.G1  percent  calcium,  0.23  per- 
cent phosphorus,  and  1.20  percent  potassium.  On  the  various  treated 
pastures  the  use  of  lime  and  fertilizer  increased  the  calcium  content  from 
41  to  80  percent,  the  phosphorus  from  30  to  57  percent,  and  the  potassium 
from  11  to  48  percent  over  the  average  of  the  check  plots. 

Table  5 — Average  Phosphorus-.  Calcium,  and  Potossiu/m  Content  of  Air-dry  TTerbagt 

During  the  Years  1940  and  1941 


Plot  no. 

Treatment* 

Calcium 

Phosphorus 

Potassium 

2 

6 

Check 

(percent) 
0.59 
0.70 

a 

:t  re  at  ) 
0.21 
0.25 

</■ 

1.21 
1.19 

1 
5 

P-L 

1.13 
0.93 

0.35 
0.3(5 

1.78 

1.33 

3 

7 

P-K-L 

1.06 
1.15 

0.30 
0.34 

1.56 

1.7S 

4 

s 

N-P-K- 

•I. 

0.90 
1.06 

0.33 

0.33 

1.46 
1.64 

"See   Figure   1   for   explanation    of  treatments. 
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EFFECT    OF     LIME    AND     FERTILIZER    ON     YIELDS 

The  data  obtained  allow  for  calculation  of  yield  of  pastures  in  a 

number  of  ways.  Since  any  method  used  is  subject  to  some  error,  re- 
sults by  several  methods  are  given  together  with  a  discussion  of  sonic  of 
the  limitations  of  the  methods. 

Days    of    Grazing 

Records  were  kept  of  the  number  of  animals  on  the  pastures  at  all 
times.  It  is  possible  Therefore  to  express  the  results  in  terms  of  days  of 
grazing  obtained  per  acre.  These  results  for  the  dairy  heifers  are  given  in 
Table  6.  They  show  a  significant  increase  in  days  of  grazing  obtained 
as  a  result  of  treatment.  In  terms  of  days  of  grazing,  the  increase  over 
the  average  of  the  check  plots  varied  from  21.9  days  for  the  poorest  P-L 
plot  to  83.7  days  for  the  best  N-P-K-L  pasture.  Expressed  as  percent- 
age increase,  the  range  was  from  33.6  percent  to  128.4  percent  for  the 
same  plots.  Considerable  seasonal  variation  is  evident,  the  highest 
values  being  obtained  in  1933  and  the  lowest  in  1936. 

An  attempt  was  made  to  keep  each  pasture  uniformly  stocked  with 
animals  of  the  same  age  and  size.  However,  since  the  animals  used  varied 
in  weight  from  approximately  500  to  1000  lbs.,  there  was  some  variation 
in  average  size  of  animals  on  the  various  pastures.  Likewise,  it  was  diffi- 
cult to  maintain  uniform  grazing.  As  a  result  the  average  figures  do  not 
give  a  complete- 'picture  of  yields.  However,  as  shown  later  they  do  give 
a  good  indication  of  response  to  the  various  treatments. 

Gains    in    Weight 

Weighings  were  made  at  monthly  intervals  and  whenever  stock  were 
added  to  or  removed  from  pastures.  From  these  the  average  gain  in 
weight  per  acre  may  be  calculated  as  given  in  Table  7.  These  show  a 
range  of  from  98.1-  lbs.  on  check  pasture  2  to  255.2  lbs.  on  fertilized 
pasture  4.  Increases  over  the  average  of  the  cheek  plots  vary  from  34.1 
lbs.  on  pasture  5  to  149.3  lbs.  on  pasture  4.  Corresponding  percentage 
increases  vary  from  32.2  to  141.0  on  the  same  pastures.  These  show  a 
decidedly  greater  gain  in  total  weight  of  animals  on  the  treated  pastures. 
This  was  primarily  the  result  of  the  larger  number  of  animals  pastured 
on  the  treated  plots. 

In  evaluating  pastures  on  basis  of  gain  in  weight  it  should  be  recog- 
nized that  maintenance  recjuirements  must  be  met  before  any  gains  in 
weight  take  place.  The  amount  reciuired  depends  in  part  on  the  size  of 
the  animal.  Therefore  differences  in  size  previously  suggested  would 
lead  to  some  error  in  evaluation  of  treatment  when  using  gain  in  weight 
as  the  only  criterion. 

Throughout  the  experiment  the  number  of  animals  on  each  pasture 
was  adjusted  so  as  to  consume  most  of  the  available  forage  and  yet  main- 
tain satisfactory  gains.  It  is  known  that  differences  in  the  nutritive 
value  of  forage  may  be  reflected  in  daily  gains.  However,  as  shown  in 
Table  8,  the  rate  of  gain  in  this  experiment  was  not  greatly  affected  by 
the  various  treatments. 
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Table  S — Effect  of  Lime  and  Fertilizer  on  Average  Daily  Gains  per  Animal   (1933- 
1941) 

Check  P-L  P-K-L  N-P-K-L 

plot plot plot plot 

2 0 1 5 3 7 4 S_ 

Daily  grains 

per  animal 

(pounds)  1.54  1.70  1.08  1.61  1.74  1.07  1.71  1.60 

Although  the  untreated  pastures  were  much  higher  in  weeds  arid 
poor  native  grasses  and  were  able  to  carry  fewer  animals  than  the  limed 
and  fertilized  pastures,  the  animals  which  they  did  support  were  able  to 
make  equally  rapid  gains.  It  was  observed  during  the  study  that  on  the 
untreated  pastures  the  ^tock  did  most  of  their  grazing  on  small  areas 
within  those  pastures  which  were  highest  in  desirable  grasses.  Much  of 
the  poor  vegetation,  particularly  broomsedge  and  weeds,  went  untouched. 
Undoubtedly  this  selective  grazing  was  an  important  factor  in  maintain- 
ing the  daily  gains  on  these  pastures.  On  the  treated  pastures  there 
probably  was  not  enough  difference  in  nutritive  value  to  reflect  differ- 
ences between  fertilizer  treatments. 

Total     Digestible     Nutrients 

By  utilizing  the  information  on  days  of  grazing,  gains  in  weight, 
and  requirements  for  maintenance,  it  is  possible  to  calculate  the  amount 
of  total  digestible  nutrients  which  the  animals  secured  from  the  various 
pastures.  These  values,  calculated  as  previously  indicated,  a^e  given  in 
Table  9.  Because  of  the  variations  between  duplicate  pastures  the  yields 
are  given  for  individual  plots. 

There  was  considerable  variation  in  the  yields  of  all  pastures  during 
the  different  years.  The  highest,  yields  were  obtained  during  the  first 
four  years  of  the  experiment  (1932  to  1935).  This  would  be  expected, 
since  the  lime  and  mineral  fertilizers  were  applied  in  1931  and  1933. 
Furthermore,  white  clover  was  most  plentiful  in  those  years. 

As  previously  indicated,  the  annual  yields  of  the  pasture  were  great- 
ly affected  by  moisture  conditions.  Dry  weather  depressed  the  yields  in 
1932  and  193^,  whereas  with  favorable  rainfall  the  maximum  yields 
were  obt aired  in  1933  and  1935.  The  most  severe  drought  occurred  in 
1936,  and  this  resulted  in  the  lowest  yields  obtained  during  the  10  years 
of  the  study.  The  rainfall  from  1937  to  1941  affected  distribution  of 
yield,  but  total  yields  show  no  great  variations  between  years. 

The  data  in  Table  9  shoAv  that  the  use  of  lime  and  fertilizer  was  very 
effective  in  increasing  the  yield  of  total  digestible  nutrients  (T.D.N) 
in  all  years.  It  is  indicated,  however,  that  considerable  variation  in  re- 
sponse existed  en  the  two  replications  within  each  treatment.  For  ex- 
ample, the  yield  on  one  of  the  P-L  pastures  was  always  much  greater 
than  on  the  other.  Likewise,  except  for  the  first  year,  one  of  the  P-K-L 
pastures  always  gave  higher  yields  than  the  other.  On  the  two  N-P-K-L 
pastures  the  difference  in  yield  was  small ;  one  pasture  did  not  consist- 
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cntly  yield  more  than  the  other.  Some  of  this  variation  between  repli- 
cates may  have  been  due  to  grazing  management,  but  it  is  believed  to  be 
largely  the  result  of  differences  in  original  soil  fertility  and  other  soil 
factors.  Probably  to  evaluate  the  response  from  the  various  fertilizers, 
this  pasture  variation  must  be  carefully  considered. 

The  average  annual  yields  per  acre  of  T.D.N,  obtained  from  each 
pasture  during  the  10-year  period  1932  to  1941  and  the  average  per- 
centage increase  from  the  lime  and  fertilizer  treatments  are  also  given 
in  Table  9. 

The  untreated  pastures  produced  an  average  annual  yield  of  693 
lbs.  T.D.N.  The  use  of  lime  and  superphosphate  increased  the  yield 
27.7  percent  on  one  pasture  and  76.9  percent  on  the  other.  On  the  two 
pastures  which  received  potash  in  addition  to  lime  and  superphosphate, 
the  yield  of  T.D.N,  was  increased  78.8  percent  and  108.9  percent.  The 
use  of  lime  and  complete  fertilizer  increased  the  yield  121.7  percent  and 
112.0  percent,  respectively,  on  the  two  pastures. 

Standard    Cow    Days   and   Carrying   Capacity 

In  Table  10  the  average  annual  T.D.N,  yield  of  each  pasture  for  the 
10-year  period  has  been  converted  to  standard  cow  days  per  acre  and  to 
equivalent  carrying  capacity  in  acres  per  cow.  It  has  been  found  that  a 
1200-lb.  cow  producing  20  lbs.  of  4-percent  milk  daily  requires  approxi- 
mately 16  lbs.  of  T.D.N,  for  maintenance  and  milk  production  (5). 
Thus  the  number  of  standard  cow  days  per  acre  is  approximately  the 
number  of  days  on  which  each  acre  of  pasture  will  support  an  average- 
producing  dairy  cow.  The  carrying  capacity  represents  the  number  of 
acres  of  pasture  required  to  support  a  similar  cow  during  an  average 
grazing  season  of  180  days. 

The  data  in  Table  10  show  that  the  number  of  standard  cow  days 
per  acre  increased  from  41.8  days  on  the  poorest  untreated  pasture  to 
97.3  days  on  the  best  N-P-K-L  pasture.  The  number  of  acres  required  to 
carry  a  cow  during  the  grazing  season  on  these  same  pastures  varied 
from  4.3  acres  to  1.8  acres. 

Table  10 — Average  Standard  Cow  Days  per  Acre  and  Equivalent  Carrying  Capacity 
in  Acres  per  Cow(1932  to  10  U) 


Plot                              Treatment 

* 

Standard 

COW 

C 

arr: 

.'ing-  capacity 

no. 

day 

per  acref 

acres 

per 

COWI 

2                                   Check 
6                                    Check 

41.8 
44.8 

4.3 

4.0 

1                                      P-L. 
5                                     P-L, 

76.6 
55.3 

2.3 
3.2 

3                                     P-K-L 
7                                     P-K-L 

90.5 
77.4 

2.0 
2.3 

i 

4                                     N-P-K 
8                                    N-P-K 

■L 
-L 

97.3 

91. S 

1.8 
2.0 

*See  Figure  1  for  explanation 
tStandard  cow  days  per  acre  = 

of 

treatments. 
T.D.N,  per  acre. 

16 
JAcres  required  to  support  an  average-producing-  dairy  cow  for  180  days. 
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Distribution  of  Yield 

The  data  presented  thus  far  have  dealt  only  with  the  total  s-asonal 
production  of  the  pastures.  It  is  also  highly  important  to  observe  the 
effect  of  lime  and  fertilizer  on  the  production  of  the  pastures  during 
each  month  of  the  grazing  season.  Since  the  cattle  wen  weighed  at  ap- 
proximately monthly  intervals,  it  is  possible  to  calculate  the  average 
monthly  yield  of  T.D.N  during  tin  10-year  period.  These  data  are 
ghen  in  Figure  4. 

The  highest  average  monthly  yields  during  the  10-year  period  were 
obtained  in  the  early  part  of  the  grazing  season.  It  is  encouraging,  how- 
ever, to  note  that  a  substantial  increase  in  yield  from  the  use  of  lime 
and.  fertilizer  occurred  during  every  month  of  the  grazing  season.  There 
was  a  slight  tendency  for  the  percentage  increases  in  yield  to  decline 
from  May  to  July  and  then  to  rise  again  from  August  through  Septem- 
bc  *.  Also  it  appears  that  nitrogen  had  little  effect  in  September  ami 
October. 

The  percentage  of  total  yield  by  months,  given  in  Figure  5,  shows 
that  the  percentage  of  the  total  annual  yield  which  occurred  in  each 
month  is  about  the  same  regardless  of  treatment.  This  indicates  that  the 
increase  in  yield  due  to  the  use  of  lime  and  fertilizer  is  the  result  of 
generally  uniform  increases  throughout,  the  entire  grazing  season.  Nitro- 
gen, as  well  as  mineral  fertilizers,  had  little  effect  on  the  distribution  of 
the  vield. 


APRIL 


JUNE 


AUGUST 


SEPTEMBER       OCTOBER 


FIGURE  A — The  Average   Monthly  Yield   of  T.   D.   N.    (1932  to   1941) 

Each    value   is   the    average   of    two    replications.    (See    Fig.    1   for 

explanation  of  treatments.) 
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PERCENTAGE 
40 


8EPTEMBER      OCTOBER 


FIGURE  5 — The   Percentage  of  the  Total   Yield  of  T.   D.   N.   Which   Occurred   in 

Each   Month   of  the  Grazing   Season    (1932  to   1941) 

Each  treatment  is  the  average  of  two  replications.     (See  Fig.  1  for 

explanation  of  treatments.) 

The  data  in  Figure  5  further  emphasize  the  fact  that  over  the  10- 
year  period  the  greatest  yield  of  the  pastures  occurred  in  the  early  part 
of  the  grazing  season.  It  is  shown  that  approximately  50  percent  of  the 
total  yield  was  obtained  in  May  and  June.  Of  the  remaining  yield,  2 
percent  was  obtained  in  April,  17  percent  in  July,  11  percent  in  August, 
13  percent  in  September,  and  7  percent  in  October.  'This  variation  in  the 
monthly  distribution  of  the  yield  is  the  result  of  climatic  conditions, 
particularly  moisture,  and  of  the  fact  that  bluegrass  has  a  natural  ten- 
dency to  make  its  maximum  production  early  in  the  season. 

VALUE  OF  PASTURE   FERTILIZATION 

The  value  of  T.D.N,  may  be  calculated  by  converting  these  into  hay 
equivalent.  Such  a  comparison  is  given  in  Table  11,  using  alfalfa  hay 
at  $20  per  ton  as  a  basis.  The  hay  equivalent  figures  were  computed  by 
allowing  50.3  lbs  of  T.D.N,  for  100  lbs.  of  alfalfa  hay  as  given  by  Mor- 
rison (6').  The  value  of  $20  per  ton  for  alfalfa  hay  was  considered  a 
fair  average  value  in  1942.  The  prices  charged  for  lime  and  fertilizer 
were  the  market  prices  in  the  same  year.  These  were  distributed  over  the 
10-year  period.  The  cost  of  application  was  figured  at  50  cents  per  acre 
for  each  application. 

The  annual  net  profit  per  acre  per  year  from  the  use  of  lime  and 
fertilizer  varied  from  $1.98  per  acre  per  year  for  pasture  5  to  $12.69 
for  pasture  3.  In  all  pastures  the  value  of  the  increased  production  was 
greater  than  the  cost  of  purchasing  and  applying  materials.  Because  of 
variations  between  pastures,  it  is  not  possible  1o  place  much  emphasis 
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on  the  differences  in  values  obtained.  However,  the  results  indicate  that 
there  are  conditions  where  potash  may  be  profitably  used  in  addition  to 
the  commonly  recommended  lime  and  superphosphate.  They  also  show 
that  nitrogen  applications  gave  sufficient  increase  to  pay  for  the  applica- 
tion under  the  conditions  of  the  experiment. 

DISCUSSION 

The  data  clearly  indicate  that  treatment  of  these  pastures  with  lime 
and  fertilizer  has  had  a  marked  effect  on  carrying  capacity  of  the  pasture 
over  the  10-year  period.  They  also  show  a  considerable  residual  effect  of 
certain  of  the  treatment,-:,  particularly  lime  and  superphosphate. 

Since  there  were  no  pastures  receiving  only  lime  or  superphosphate 
treatments,  it  is  not  possible  to  evaluate  the  individual  effects  of  these  on 
yields.  However,  the  acidity  of  the  soil  is  such  that  it  would  be  reason- 
able to  expect  a  considerable  benefit  from  liming.  Results  of  small 
plot  experiments  clipped  with  a  lawn  mowTer  in  this  area  gave  increased 
yields  of  16  percent  for  lime  alone  over  the  check  and  14  percent  for  lime 
and  phosphate  over  phosphate  alone  for  1932  and  1933  (8).  The  plant 
analysis  given  in  Table  5  sIioavs  that  liming  increased  the  calcium  con- 
tent of  the  herbage. 

Some  indication  of  the  effect  of  phosphate  fertilizers  may  likewise 
be  gathered  from  clipped  plots  m  the  area.  In  1932  and  1933  these  showed 
increases  of  33  percent  for  superphosphate  over  the  cheek  plots  and 
30  percent  for  phosphate  and  lime  over  the  limed  plots  (8).  The  plant 
analysis  data  given  also  show  a  considerable  effect  of  treatment  on  the 
phosphate  content  of  the  herbage.  Although  these  data  cannot  be  taken 
as  a  measure  of  the  relative  effects  of  lime  and  superphosphate  over  the 
entire  pasture  area,  they  do  indicate  that  both  were  necessary  for  greatest 
increases  in  yield,  since  the  combined  effect  of  lime  and  phosphate  in- 
creased the  yield  over  untreated  plots  by  51  percent. 

Attention  has  been  called  to  the  relatively  poor  response  to  lime  and 
superphosphate  on  pasture  5.  The  plant-analysis  data  indicate  that  the 
herbage  is  lower  in  potash  than  that  of  any  of  the  other  treatment  plots. 
Soil  analysis  from  the  area  also  shows  a  low  content  of  exchangeable 
potash  in  comparison  to  the  other  plots.  From  these  data  it  would  appear 
that  the  reason  for  low  yields  is  related  to  potash  deficiency  on  this  area. 
This  is  quite  different  from  plot  1,  which,  although  it  did  not  receive  pot- 
ash fertilizer,  has  the  highest  content  of  exchangeable  potash  in  the  soil 
(Table  2),  and  the  potash  content  of  the  herbage  is  as  high  as  the  highest 
of  the  potash-treated  plots.  These  differences  are  undoubtedly  associat- 
ed with  soil  variation.  The  small  plot  experiment  (<5)  which  showed 
little  response  to  potash  fertilizer  was  located  in  plot  2  and  immediately 
adjacent  to  plot  1.  It  probably  represents  a  true  picture  of  potash  re- 
sponse on  that  section  of  the  experimental  area.  Other  data  from  Mo- 
nongahela  soils  indicate  that  many  of  these  arc  low  in  exchangeable  pot- 
ash and  that  a  response  to  potash  fertilizer  would  usually  be  expected 
on  this  soil  series. 

The  yields  have  been  expressed  in  three  ways:  i.  c,  days  of  grazing 
per  acre,  pounds  of  gain  in  weight  per  acre,  and  total  digestible  nutrients 

22 


per  acre.  As  previously  indicated,  these  measurements  include  sonic  of 
the  same  factors,  but  it  is  of  interest  to  bring  the  three  factors  together 
to  show  how  closely  the  three  ways  of  expressing  relative  yields  agree. 
This  is  shown  in  Table  12,  in  which  the  average  of  the  untreated  plots  is 
taken  as  100. 

Table  12 — Relative  Response  <is  Measured  by  Days  of  Grasing,  Gain  in  Weight,  and 
Total  Digestible  Nutrients 


Plot 
no. 

Treatment 

Pasture 
clays 

Gains  in 
weight 

T.D.N. 

2  &  6 

Check 

100 

100 

100 

1 
5 

P-L, 
P-L 

1S4.0 
133.6 

189.5 
132.2 

176.8 
127.6 

3 

7 

P-K-L 
P-K-L 

213.5 
180.8 

228.4 
185.9 

208.8 
178.7 

4 
S 

N-P-K- 
N-P-K- 

■L 
■L 

228.4 
219.3 

241.0 
215.9 

224.5 
211.8 

These  data  indicate  that,  by  careful  grazing  management,  one  may 
get  a  good  measure  of  relative  yields  by  any  one  of  the  three  methods  of 
calculation.  Since  days  cf  grazing  or  pasture  days  are  relatively  easy 
to  measure,  one  may,  by  careful  selection  of  animals  used  and  proper 
grazing  management,  get  a  good  estimate  of  relative  yield  of  pasture  by 
this  method.  These  may  then  be  converted  into  approximate  carrying 
capacity  merely  by  dividing  the  number  of  days  in  the  pasture  season 
by  the  number  of  days  the  animals  were  kept  on  pasture. 

The  calculation  of  profits  from  fertilizer  on  the  basis  of  alfalfa-hay 
equivalent  at  $20  per  ton,  which  showed  that  all  treatments  were  profit- 
able during  the  10-year  period,  may  appear  to  be  somewhat  high.  How- 
ever, no  credit  was  edven  to  further  residual  effect,  which  is  still  quite 
marked.  Furthermore,  in  the  case  of  producing  dairy  cattle,  quality  of 
feed  is  of  even  greater  importance  than  for  dairy  heifers  or  for  other 
types  of  livestock.  The  higher  protein  and  mineral  content  of  the  herb- 
age on  the  treated  areas  would  also  influence  the  value  of  the  herbage. 

SUMMARY  AND  CONCLUSION 

i 

Results  are  reported  for  10  years'  tests  of  carrying  capacity  of  eight 
pastures  on  Monongahela  silt  loam  grazed  with  Ayrshire  cows  and  heif- 
ers. The  treatments  included  (1)  untreated  or  check  pasture,  (2)  lime 
and  superphosphate,  (a)  lime,  superphosphate,  and  potash,  and  (4)  lime, 
superphosphate,  potash,  and  nitrogen.  Each  treatment  was  made  in 
duplicate.  Results  reported  include  pasture  days,  gains  in  weight,  total 
digestible  nutrients,  stand  of  grasses,  and  chemical  composition  of  clipped 
herbage. 

The  results  show  a  marked  increase  in  yield  for  all  treated  pastures, 
the  increase  in  T.  D.  N.  being  27.7  and  76.9  percent  for  the  P-L  pastures, 
78.8  and  100.8  percent  for  the  P-N-L  pastures,  and  112.0  and  124.7  per- 
cent for  the  N-P-K-L  pastures.  The  small  number  of  plots  makes  it  im- 
possible to  draw  positive  conclusions  regarding  the  value  of  the  various 
treatments.     Certain  conclusions,  however,  are  clearly  indicated : 
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1.  Lime  and  superphosphate  gave  profitable  increases  in  yield  on 
both  plots.  Results  from  one  pasture  were  much  better  than  from  the 
other.  Chemical  analyses  of  the  soil  and  herbage  indicate  that  on  one 
pasture  this  difference  was  the  result  of  potash  deficiency. 

2.  Potash,  in  addition  to  lime  and  superphosphate,  gave  profitable 
increases  in  yield  on  this  area.  The  increase  was  relatively  small  when 
the  potash-treated  pastures  were  compared  to  the  best  P-L  plot.  Other 
soil  analyses  from  Monongahela  soils  indicate  a  low  content  of  available 
potash,  and  it  is  believed  that  pastures  will  frequently  show  response  to 
potash  on  this  soil. 

3.  Nitrogen  fertilizer  increased  yields,  but  the  increase  was  no 
more  than  enough  to  pay  for  the  cost  of  applying  the  fertilizer.  When 
acreage  is  limited  and  lime  and  fertilizer  have  previously  been  applied, 
it  may  give  more  profitable  returns. 

4.  Liming  and  fertilizing  increased  the  amount  of  clover  and  blue- 
grass  in  all  pastures. 

5.  Analyses  of  the  herbage  showed  marked  increases  in  mineral  and 
protein  content  as  a  result  of  liming  and  fertilization. 

6.  Soil  analyses  show  a  considerable  residual  effect  in  1942  of  the 
lime  and  superphosphate  applied  in  1931  and  1933.  The  treated  pastures 
also  showed  a  higher  organic-matter  content  at  the  close  of  the  experi- 
ment. 

7.  There  is  good  agreement  between  increases  in  yields  as  measured 
by  days  of  grazing  obtained,  gain  in  weight,  and  yield  of  total  digestible 
nutrients. 
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